Abstract-Engine compartment forms often a geometrical complex and is filled with a variety of combustible materials. In this paper, two groups of half scale fire experiments were conducted to investigate the fire behavior in the engine compartment of a motorcoach under different conditions. In the first experiment group, the obstacles made of iron boxes and pipes, arranged accordingly to the actual structure of a motorcoach engine compartment, were placed inner the experimental apparatus and a liner type fire source was adopted. In the second experimental group, the pool fire was used and the horizontal wind underneath the apparatus was added. Measurements of interior temperatures with different diameter thermocouples were performed. Standard video and static photograph were recorded. The temperature measured in the experiments was compensated by the first order method. Results showed that the pool fire and wick-type oil-burning formed both on the obstacles' surface and ground greatly prolonged the burning time. The horizontal wind underneath the engine compartment remarkably enlarged the flame size and changed its shape. We recommend that oil leakage to the equipment surface and using thermoplastic materials in engine compartment should be avoided. In the case of fire the motorcoach engine should be turned off immediately.
INTRODUCTION
Motorcoach fires usually spread rapidly and consume a motorcoach within 15 to 20 minutes, causes the serious consequences 1 . In China, motorcoache suffer from fire incident every year 2, 3 . A recent example is the tragic motorcoach fire near Zhaoyuan, China in November 28, 2009 which killed 10 people. The fire started in the engine compartment due to the fact that combustible materials which covered on the engine surface were heated to its auto-ignition temperature. Another example of a motorcoach fire was in Shanghai on May 5, 2008 in which 12 passengers were killed. According to Neil R. Meltzer's report 4 , the frequency of motorcoach fires may be as high as six per day in the United States. Even if there are no fatalities in motorcoach fires, complete loss of the coach and passenger properties is usually a typical one.
The most common origin location of motorcoach fire is the engine compartment, which is often a geometrical complex. Fires may occur for several reasons. Some equipment, such as the manifold, turbocharger, engine components and braking system in engine compartment may reach temperature high enough to cause ignition of the combustible materials. Fires may also occur because of short circuits in electrical wiring. Rolf Hammarström et. al 5 have developed small engine compartments (1-5 m 3 ) to study the behavior of different types of fires, such as smoldering, re-ignition, fire at different locations, and oher properties influencing the extinguish capacity. Furthermore, most of other investigations concern motorcoach fires were relevant to the passenger compartment, such as combustion properties of materials, smoke control systems and fire penetration from outside to inside [6] [7] [8] [9] [10] [11] .
Previous studies have done little to relate the effect of obstacles and horizontal wind underneath the engine compartment on the fire behavior. The absence of such phenomenon is an impediment to the understanding and prevention from fires started from an engine compartment. Thus the main objective of this study is to investigate the fire behavior within engine compartment of a motorcoach vehicle with the consideration of the effect of obstacles and horizontal wind on the process, using a half scale experimental apparatus.
II. EXPERIMENTAL SETUP
The experimental apparatus can be seen in Figure 1 . Where: L denotes the size, and the subscript 'm' represents the experimental apparatus and the subscript 'f' represents the full-scale engine compartment. The wind velocity under actual condition was assumed to be 30
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km/h, and the model velocity was 5.89m/s. In our experiment the velocity of 6m/s was adopted.
(A) GENERAL PATTERN (B)OBSTACLE FIGURE I. SCHEME OF EXPERIMENTAL APPARATUS.
According to Meltzer's report 1 , the major fuels in the engine compartment of a motorcoach are lubricating oil, transmission fluid, diesel fuel on or around the equipments, and other solid combustible materials, such as intake manifold, cables and so on. There are many devices located in the engine compartment. To investigate the fire behavior on and around these devices, obstacles made from 1 mm thick noncombustible iron boxes and pipes were arranged according to the actual structure and placed in the experiment stand. The combustible materials such as lubricating oil, diesel fuel, combustible pipes were distributed on and around the surface of obstacles is shown in Figure 1(b) .
In the experiments, two types of fire sources were adopted. The first one was simulated by a 0.6 m length, and 0.5cm in diameter hemp rope, which absorbed the diesel and alcohol mixture. Hemp rope was placed on the surface of the obstacles. The second one was a diesel pool fire with the diameter of 18 cm. The fuel volume in each experiment was equal to 250 ml (240 ml diesel and 10 ml alcohol) before ignition.
Temperature was measured inside the experiment apparatus at different locations. K-type thermocouples (TCs) were used for that purpose. The approximate locations of TCs are presented in Figure 2 . The diameter of TCs 1-8, TCs 9-12 and TCs 13-17 was 3 mm, 2 mm and 1 mm, respectively. Thetemperature measured by different diameter thermocouples was compensated before analyse by using the first order method. A standard video recording was located at the position facing the observation window. The main purpose of the temperature measurements and video recorder was to monitor the progress of flame spread, and identify the effect of obstacles and wind on the fire behavior in the device. The wind velocity at a height of 0.1m above the ground of the tunnel at different locations, was measured by a hot-wire anemometer. The velocity was the average value of each point.
FIGURE II. A DIAGRAM OF THERMOCOUPLES LOCATION
Two test groups were conducted in the course of investigation. In the first group (test 1 and 2), a linear type ignition source was adopted and the obstacles were both taken into consideration, the difference between the two tests was the place and the ignition point of the fire source. In the second group (test 3 and 4), the diesel pool was adopted, while the obstacles were removed and the wind underneath the experimental apparatus with a speed of about 6m/s was added after ignition. After each test, a comparatively long period was needed to cool down the apparatus. Therefore, the ambient temperature might have been several degrees different at the four different test times. Detailed parameters of the four tests are summarized below.
III. RESULTS AND DISCUSSIONS

A. Flame spread on the obstacles
In order to study the fire behavior on the obstacles' surface in the engine compartment, some iron boxes with a variety of fuels on and around their surface were placed in the experimental apparatus. The compensated temperature profiles at different fire source locations can be seen in Figure 5 . The time was count from the moment of hemp rope ignition. A towel absorbed alcohol was used to start the fire.
From Figure 3 (a) we can see that temperature at TC1 and TC5 reaches the maximum, approximately 1100 K after ignition, and maintains at a constantly high level before 180 s and 500 s, respectively. And temperature at TC11 peaked at 300 s, then decreases sharply. All the temperatures except TC14 and TC15 first increase and then decrease subsequently, and it maintains low level after about 500 s. To explain the temperature change during the two experiments, the experimental process needs to be reviewed. Figure 4 supplies a snapshot of the two tests at various times. As it can be seen, the fuels in the front part of apparatus were not ignited throughout the process of the two experiments. Flame was mainly located on the obstacles' surface in the rear part of apparatus. This is why the rear temperatures such as TC1, TC5 are higher than the front ones. Temperature at some TCs such as TC1 and TC5 on test1 and TC5 on test2 increased sharply, because they were in the flame zone. And with the pulsations of flame, temperature at these TCs intensively fluctuated.
In addition, from Figure 4 (a) we could also see that from about 580 s to the end, flame existed only on the obstacles' surface at the left side, and flame size decreased gradually. It was a wick-type oil-burning formed by combustion ash dropping onto the obstacles' surface and sucked out lubricating and diesel oil or coolant, then ignited and burnt slowly over a long period of time. With the decreased of the amount of oil, the flame was getting smaller until the oil was the oil exhausted.
B. Effect of horizontal wind
The flame structure of diesel oil pool fire in calm wind and with 6 m/s horizontal wind underneath engine compartment in the stable stage conditions is shown in Figure 8 . It shows that the flame height or size in the horizontal wind condition is remarkably enlarged compared to that in calm wind condition. The height and length of the flame zone under the horizontal wind condition reaches to more than 60 cm and 80 cm, respectively, while it is only approximately 50 cm and 23 cm in the calm wind condition. According to Babrauskas' 18 results, fire in the calm wind condition belonged to the convectively dominated burning. While with the effect of wind the turbulence intensity of flame increases, and the radiative regime is obtained. From Figure 5 (b) , we can see that the flame grows in an anticlockwise spiral like a fire whirl. In addition, the flame front develops toward left side. 
Test
Fuel Fire source Wind condition Obstacles 1 lubricating oil(100ml on the engine surface,100ml on the transmission,100ml on the coolant reservoir, 30ml on the alternator, 20ml on the turbocharger), diesel fuel (50ml on the oil reservoir), cooling oil(50ml on the tank), four 1.2m cable with the diameter 5mm, an intake manifold made from plastic glue with length 1m, diameter 75mm.
1.2m length, 5mm diameter hemp rope, which absorbed diesel and alcohol mixture located on the upper surface of obstacles on the left and middle part, the origin ignition point was on the left end point calm wind Engine Transmission Tank Turbocharger 2 no intake manifold made from plastic glue with length 1m, diameter 75mm.Other set is as the same as Test1.
The sructure is as the same as Test1.The origin ignition point was on the right end point.
calm wind As test 1. The temperature profiles in the engine compartment at different points are shown in Figure 6 . We can see that the temperature at TC1 reaches the maximum, approximately 850 K about 250 s after ignition, and sustains about 200 s, then decreases gradually. And there is a steady-state phase during 200 s to 600 s at TC9, TC13 and TCs16-17 due to the smoke layer which stabilizes at about 20 cm height below the front part top of the engine compartment. During the experiment, we could see a clear interface between the smoke layer and air layer. Under the horizontal wind condition, the overall temperature in the engine compartment was much lower than that in the calm wind condition and the smoke movement become disordered. It might be like that because the horizontal wind was benefitial to smoke exhaust and disrupted its movement. However, the horizontal wind was extremely dangerous in the case of motorcoach fire as it than enlarged the flame size. 
IV. CONCLUSION
A half scale experimental stand was designed to investigate the effect of obstacles and horizontal wind on the fire behavior inside engine compartment of motorcoach. Before the experiments, temperatures measured by different diameter thermocouples was compensated by the first order method.
Results confirmed that under such conditions a pool fire could be performed due to the thermoplastic materials melting during the combustion. It also could form the wick-type oilburning when combustion residue fell into oil. Those two types of fire could sustain the combustion for a long period of time, and continuously heating the space.
The horizontal wind underneath the engine compartment could remarkably enlarge the flame size and change its shape. The flame grown in an anticlockwise spiral likes a fire whirl. The overall temperature in the engine compartment decreased in the presence of horizontal wind. This work could be useful for the design and the daily maintenance and management of engine compartment of motorcoach. It was suggested that thermoplastic materials used in engine compartment of motorcoach should be avoided and the oil on the equipment surface should be clean up in time. To avoid the flame enlarge process the vehicle must be stopped immediately when the fire is recognized. Further researches into the different horizontal wind speed and preheating of equipment on the fire behavior are still needed.
